Introduction {#sec1}
============

Chronic kidney disease (CKD) is a growing health problem with prevalence of 10--13% around the world. It is classified into five stages based on presence of signs of kidney damage and the glomerular filtration rate \[[@cit0001]\]. Acute myocardial infarction (AMI) is a life-threatening disease that is characterized by sudden death of cardiac muscles, resulting in biochemical changes, occurring in vessels and blood \[[@cit0002], [@cit0003]\]. AMI has a high prevalence in patients with CKD and end stage renal disease (ESRD) compared to healthy individuals. It is one of the leading causes of death in these patients \[[@cit0004]\].

Diagnosis of AMI between CKD patients on maintenance hemodialysis is challenging. Although ischemic chest pain is considered one of the major characteristics for the diagnosis of AMI, it loses its credibility in patients with CKD because it may be absent secondary to uremic neuropathy and there might be pain secondary to non-ischemic causes such as uremic pericarditis \[[@cit0004], [@cit0005]\]. However, diagnosis usually depends on analysis of laboratory biomarkers such as troponins but unfortunately troponins were found to be unsuitable for the diagnosis of AMI in CKD patients as they did not even coincide with the angiographic findings in uremic patients \[[@cit0005], [@cit0006]\]. Thus, considerable attention has been directed recently to the mechanisms and factors implied in AMI development in these patients but limited data exist regarding miRNAs' involvement in the setting of AMI in patients with CKD.

MicroRNAs (miRNAs) are small (\~22-nucleotide long), stable and non-coding RNAs that play a key role in post-transcriptional gene regulation \[[@cit0002]\]. They have been considered recently as potential diagnostic markers due to their relative stability in circulation and their representation of the original cell \[[@cit0007]\].

Several studies have demonstrated miRNAs' profiles related to specific organs, including the heart and kidney. Some studies indicate that miR-192 is one of the renal-specific microRNAs \[[@cit0008]\] and others support the role of miRNAs, especially miR-122 and -499, in the pathogenesis and progression of cardiac diseases \[[@cit0002], [@cit0007]\]. However, the available data discussing expression of circulating miR-122,-192 and -499 in patients with AMI on top of CKD and ESRD are still very limited.

We aimed in this study to investigate expression of circulating miR-122,-192 and -499 levels in patients with AMI on top of ESRD and evaluate the potential of these miRNAs as blood-based biomarkers for AMI in patients with ESRD.

Material and methods {#sec2}
====================

Subjects {#sec2.1}
--------

This case control study included 220 subjects recruited from different centers. Subjects were categorized into three groups.

Group 1 included 80 ESRD patients without AMI, recruited from the Nephrology Department of El-Kasr El-ainy Hospital. All patients satisfied the following criteria of ESRD stage 5 (G5): (1) the presence of kidney damage **or** decreased kidney function **for 3 or more months**, irrespective of the cause; (2) glomerular filtration rate (GFR) \< 15 ml/min per 1.73 m^2^ and treatment by dialysis \[[@cit0009]\]. All patients showed normal electrocardiograms and no current or previous history of cardiovascular diseases (CVDs).

Group 2 included 80 ESRD (G5) patients (described above) with AMI admitted to the emergency department of El-Kasr El-ainy hospital. All patients fulfilled the following inclusion criteria: (1) Admission was within the first 12 h of onset of ischemic-type chest pain lasting for longer than 30 min; (2) presence of electrocardiographic ST segment elevation or presence of elevated serum CK-MB. Patients who had previous history of cardiac problems or were admitted more than 12 h after the onset of chest pain or had any hematological disease, acute or chronic infection, significant hepatic dysfunction, or any malignancies, were excluded from the study.

Group 3 included 60 age- and sex-matched healthy subjects who served as a control group. They were recruited from the National Research Centre while seeking a routine health check-up. These healthy subjects met the following criteria: (1) no evidence of any kidney or cardiac disease; (2) no evidence of associated systemic or chronic diseases or malignancy.

The protocol for this study was approved by Cairo University Ethics Committee and was according to the ethical guidelines of the Declaration of Helsinki with informed consent taken from all participated individuals.

Sample collection and storage {#sec2.2}
-----------------------------

Blood specimens (5 ml) were collected immediately after admission and within 12 h after the symptom onset in the AMI group. All blood samples were collected and divided into 2 EDTA-containing tubes. Thus, the 1^st^ tube was centrifuged at 4°C at 3,000 rpm for 10 min to separate plasma. The supernatants were obtained then CK-MB mass was measured using Elecsys (Roche Diagnostics) and the 2^nd^ tubes were stored in a --80°C freezer for further RNA analysis.

Micro-RNA analysis using reverse transcriptase quantitative PCR (qRT-PCR) technique {#sec2.3}
-----------------------------------------------------------------------------------

miRNAs were extracted using RNeasy Mini Kit (QIAGEN, Hilden, Germany), then the extracted miRNAs were reverse transcribed using a miScript reverse transcription (RT) kit (Qiagen, Hilden, Germany) then specimens of cDNA were stored at --40°C. Expression level of miRNAs was measured using SYBR Green based real-time PCR on a Light-Cycler 2.0 instrument (Roche Applied Science, Germany), according to the manufacturer's instructions. The relative levels of expression of miRNAs were computed using the comparative computed tomography (CT) method. MiRNA expression was normalized to GAPDH as a housekeeping gene

Statistical analysis {#sec2.4}
--------------------

Analysis was performed using SPSS version 17 software for Windows. Data are reported as means ± standard deviation (SD) or number (percentage). One-way ANOVA analysis was used for multiple group comparisons. The least significant difference (LSD) *t* test was used in pairwise comparison of averages among groups. Linear regression analysis was done to confirm association of significant miRNA expression with the disease after adjustment of associated covariates. Receiver operating characteristic (ROC) analysis was used to assess the biomarker potential for the disease, and areas under the curves (AUCs) were reported. All tests were two-sided, and *p* \< 0.05 was considered statistically significant.

Results {#sec3}
=======

[Table I](#t0001){ref-type="table"} shows demographic and clinical data of studied groups.

###### 

Demographic and clinical data of the studied groups

  Parameter                            Control (*n* = 60)                           ESRD without AMI (*n* = 80)   ESRD with AMI (*n* = 80)   *P*-value
  ------------------------------------ -------------------------------------------- ----------------------------- -------------------------- -----------
  Age \[years\]                        56.8 ±6.3                                    56.2 ±2.9                     56.6 ±5.8                  0.8
  Sex:                                                                                                                                       0.5
   Female                              27 (45.0%)                                   29 (36.0%)                    34 (42.0%)                 
   Male                                33 (55.0%)                                   51 (64.0%)                    46 (58.0%)                 
  BMI \[kg/m^2^\]                      27 ±3.5[\*](#tf1-1){ref-type="table-fn"}     23.5 ±4.4                     23 ±4.8                    0.001
  Family history of cardiac disease:                                                                                                         0.3
   Yes                                 20 (33%)                                     31 (39.0%)                    36 (45.0%)                 
   No                                  40 (67%)                                     49 (61%)                      44 (55.0%)                 
  Hypertension:                                                                                                                              0.001
   Yes                                 0 (0%)                                       38 (48%)                      46 (58%)                   
   No                                  60 (100%)                                    42 (52%)                      34 (42%)                   
  Diabetes:                                                                                                                                  0.001
   Yes                                 0 (0%)[\*](#tf1-1){ref-type="table-fn"}      50 (62%)                      55 (69%)                   
   No                                  60 (100%)                                    30 (38%)                      25 (31%)                   
  Smoking:                                                                                                                                   0.8
   Yes                                 25 (42%)                                     30 (37%)                      33 (41%)                   
   No                                  35 (58%)                                     50 (63%)                      47 (59%)                   
  Urea \[mg/dl\]                       28.5 ±6.9[\*](#tf1-1){ref-type="table-fn"}   126.6 ±17.5                   124.7 ±15.2                0.001
  Creatinine \[mg/dl\]                 0.7 ±0.2[\*](#tf1-1){ref-type="table-fn"}    10.3 ±1.6                     10 ±1.4                    0.001

Results presented as mean ± SD or frequency (percentage). ESRD -- end stage renal disease, AMI -- acute myocardial infarction, BMI -- body mass index.

Significant p-value between patients and controls.

Levels of miR-122 were 28-fold and 20-fold higher in control subjects than in ESRD patients with or without AMI (*p* \< 0.001), while no differences were detected between the two patient groups (*p* = 0.9) ([Figure 1 A](#f0001){ref-type="fig"}).

![Mean expression of miR-122 (**A**), miR-192 (**B**) and miR-499 (**C**) in the studied groups\
ESRD -- end stage renal disease, AMI -- acute myocardial infarction.](AMS-15-37386-g001){#f0001}

Serum levels of miR-192 showed a marked increase in ESRD patients with and without AMI compared to the control group (\> 500-fold, \> 8000-fold respectively, *p* ≤ 0.001). However, ESRD patients who developed AMI had lower expression than ESRD patients without AMI (*p* \< 0.001) ([Figure 1 B](#f0001){ref-type="fig"}).

Slight non-significant miR-499 elevation was found in renal patients without cardiac disease compared to the control group, while highly significant elevation of miR-499 was demonstrated in ESRD patients who developed AMI compared to other ESRD patients and the control group (\> 100-fold, \> 350-fold respectively, *p* = 0.001) ([Figure 1 C](#f0001){ref-type="fig"}). Regression analysis confirmed the association of altered levels of miR-499 with risk of AMI development in ESRD patients even after adjustment for age, sex, BMI, family history of cardiac disease, smoking, hypertension and diabetes (*p* = 0.001). Regression analysis also revealed no association of miR-499 with other risk factors including family history of cardiac disease, smoking, hypertension and diabetes (*p* = 0.6, *p* = 0.4, *p* = 0.1, *p* = 0.4).

ROC analysis was performed to evaluate the usefulness of miR-122, -192 and -499 as a potential blood-based biomarker for AMI in ESRD and revealed AUC of 62%,99.5% and 100% respectively, suggesting the role of miR-192 and -499 in discriminating ESRD patients with AMI from those without ([Table II](#t0002){ref-type="table"}, [Figure 2](#f0002){ref-type="fig"}).

###### 

Diagnostic performance of studied miRNAs for discriminating ESRD patients with AMI from those without AMI

  Marker    Marker cutoff   AUC      Sensitivity   Specificity   Positive predictive value (PPV)   Negative predictive value (NPV)   Diagnostic accuracy
  --------- --------------- -------- ------------- ------------- --------------------------------- --------------------------------- ---------------------
  miR-122   0.027           62.0%    88.8          50.0          64.0                              81.6                              69.4
  miR-192   402.0           99.5%    93.8          100.0         100.0                             94.1                              96.9
  miR-499   53.160          100.0%   100.0         100.0         100.0                             100.0                             100.0

miRNA = miR -- micro RNA, ESRD -- end stage renal disease, AMI -- acute myocardial infarction, AUC -- area under the curve.

![Receiver operating characteristic (ROC) curves of the studied miRNAs in differentiation of end stage renal disease with acute myocardial infarction from those without](AMS-15-37386-g002){#f0002}

Discussion {#sec4}
==========

AMI is one of the leading causes of mortality in patients with CKD. The diagnosis of AMI mainly depends on clinical presentation and ECG changes \[[@cit0006]\]. However, both clinical presentation and ECG changes are non-specific especially in early AMI. At present, circulating cardiac biomarkers such as troponins and CK-MB are more important for the diagnosis of AMI, but they have slow-release patterns and lack appropriate sensitivity and specificity in early AMI \[[@cit0004], [@cit0005]\]. Therefore, it is necessary to seek new sensitive and specific biomarkers to accurately detect AMI in patients with CKD.

Several studies have described miR-122 as one of the liver-specific miRNAs, playing a role in the regulation of lipid and cholesterol metabolism \[[@cit0007]\]. However, reports regarding miR-122 in CKD are very few. In this study, levels of miR-122 were 28-fold and 20-fold higher in control subjects than in ESRD patients with and without AMI. An experimental microarray analysis study revealed decreased expression of miR-122 in acute kidney injury \[[@cit0010]\]. Decreased miR-122 expression in renal disease could be explained by the previous mentioned findings of a link between downregulation of miR-122 and transforming growth factor-β (TGF-β), which is considered as a potent cytokine that stimulates fibrinogenesis and consequently results in accumulation of fibroblasts and matrix proteins leading to progressive kidney disease \[[@cit0011], [@cit0012]\]. In the current study, no differences were detected in miR-122 levels between ESRD patients who developed AMI and ESRD patients without AMI. Therefore, it will not be an optimal marker of the presence or absence of myocardial injury in patients with CKD. However, its clinical relevance in the diagnosis of AMI remains under research and published data regarding miR-122 in cardiac diseases are controversial. D'Alessandra *et al.* reported that miR-122 was expressed at very low levels in cardiac muscles, but they also found no significant differences in plasma levels of miR-122 in mouse models and AMI patients \[[@cit0013]\]. Our results disagree with other studies that reported upregulation of miR-122 in acute coronary syndromes (ACS) \[[@cit0014]--[@cit0016]\]. D'Alessandra *et al.* mentioned that the ACS group in their study had higher levels of miR-122 than the non-ACS (chronic heart disease + stable angina) group \[[@cit0014]\]. Li *et al.* found that levels of miR-122 were elevated earlier than troponin, suggesting their efficiency in early diagnosis \[[@cit0015]\]. Chen *et al*. also found significant elevation of serum miR-122 levels in AMI patients compared to the control group \[[@cit0016]\]. Published data regarding miR-122 in AMI are inconsistent but may be partially explained by the different characteristics of animals and patients, sample size and type, and time of sample withdrawal after onset of the infarction.

miR-192 is highly expressed in the healthy kidney, compared to other organs \[[@cit0017]\]. Altered level of miR-192 has been associated with multiple kidney diseases. In the current study, we found higher levels of serum miR-192 in ESRD patients with or without AMI compared to healthy controls. Our results agree with experimental and human studies demonstrating increased expression of miR-192 in diabetic nephropathy \[[@cit0017]--[@cit0019]\]. Wang *et al.* demonstrated that miR-192 was upregulated in human renal tissues of hypertensive glomerulosclerosis \[[@cit0020]\]. Cai *et al.* reported higher levels of serum miR-192 in primary focal segmental glomerulosclerosis compared to patients with minimal change disease and healthy controls \[[@cit0021]\]. Our results disagree with a recent study reporting that down-regulation of miR-192 in renal tissue promotes fibrogenesis in patients with diabetic nephropathy \[[@cit0022]\]. Szeto *et al.* demonstrated lower urinary expression of miR-192 in patients with active lupus nephritis than healthy controls \[[@cit0023]\]. Wang *et al.* also reported that loss of miR-192 is associated with renal fibrosis \[[@cit0024]\]. Downregulation of miR-192 was also reported in models of experimental diabetic nephropathy \[[@cit0025]\]. The different findings reported in expression of miR-192 in human and animal models in kidney diseases might result from the different etiology and pathology of CKD populations included in the study, or differences in sample type and size. We also reported that ESRD patients who developed AMI had lower miR-192 expression than ESRD patients without AMI. This finding may be explained by different published data describing altered expression of TGF-β1 and p53 in AMI patients, leading to downregulation of miR-192 \[[@cit0026]--[@cit0029]\]. However, Matsumoto *et al*. found an increased serum level of miR-192 in AMI patients after 18 days of onset of infarction and this level correlated with onset of heart failure within one year after the infarction. The contrasting findings mentioned above shed light on the complex nature of miRNA research. Some of the differences may relate to the complex regulatory networks that affect expression of miRNAs where their actions are coordinated, complementary and affected by different epigenetic and proteomic factors related to disease conditions \[[@cit0030]\].

In the current study, miR-499 showed slight non-significant elevation in patients without AMI compared to controls and showed significantly higher expression in AMI patients than controls and other ESRD patients. These results partially disagree with Emilian *et al.*, who found that expression of miR-499 was \> 80-fold higher in patients with ESRD than controls but they also mentioned that miR-499 decreased dramatically under the effect of dialysis and this last reported result could also explain the non-significant elevation in our study because all patients were under dialysis \[[@cit0031]\]. However, our results agree with consistent published data describing miR-499 as one of the exclusive cardiac miRNAs \[[@cit0002], [@cit0032]\]. Shalaby *et al.* found that miR-499 was significantly increased in patients with ACS compared with non-cardiac chest pain patients and ROC curve analysis revealed AUC = 0.98 for the diagnosis of ACS \[[@cit0032]\]. A meta-analysis of eight studies covering 1634 participants which evaluated the diagnostic value of miR-499 in AMI revealed satisfactory sensitivity and specificity values of miR-499 (88%, 87% respectively) \[[@cit0033]\]. Zhang *et al.* reported that miR-499 was highly elevated in AMI patients compared with the non-AMI group and healthy subjects and the AUC of miR-499 for the diagnosis of AMI was 0.86 \[[@cit0034]\]. In this study, miR-499 showed the highest diagnostic accuracy between the studied miRNAs, suggested its potential role in diagnosis of early AMI in ESRD patients. However, high sensitivity and specificity (100%, 100% respectively) reported in this study in comparison to previous studies could be partially explained by the small sample size and huge differences in expression levels between studied groups.

In conclusion, altered expression of miR-122 and miR-192 may contribute to the pathogenesis of CKD and ESRD and miR-192 and -499 may serve as potential biomarkers for AMI in ESRD. Further studies are needed to correlate levels of these miRNAs with disease progression and outcome.
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